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ȺɇɈɌȺɐȱə ɇɚɜɟɞɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɩɪɨɜɟɞɟɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɪɭɯɭ ɩɨɥɿɦɟɪɧɨɝɨ ɦɚɬɟɪɿɚɥɭ ɜ ɡɨɧɿ ɠɢɜɥɟɧɧɹ ɱɟɪɜ
ɹɱɧɨɝɨ
ɟɤɫɬɪɭɞɟɪɚɚɫɚɦɟɞɨɫɥɿɞɠɟɧɧɹɮɪɢɤɰɿɣɧɨɝɨɪɟɠɢɦɭɪɭɯɭɞɟɤɿɥɶɤɨɯɬɢɩɿɜ ɩɨɥɿɦɟɪɧɢɯɝɪɚɧɭɥɩɨɩɨɜɟɪɯɧɿɪɨɛɨɱɢɯɨɪɝɚɧɿɜ
ɦɚɲɢɧɢ. Ɉɬɪɢɦɚɧɨɡɚɥɟɠɧɨɫɬɿɿɩɪɨɚɧɚɥɿɡɨɜɚɧɨɜɩɥɢɜɬɢɫɤɭɧɚɤɨɟɮɿɰɿɽɧɬɬɟɪɬɹɝɪɚɧɭɥɶɨɜɚɧɨɝɨɩɨɥɿɦɟɪɧɨɝɨɦɚɬɟɪɿɚɥɭ
ɩɨɦɟɬɚɥɟɜɿɣɩɨɜɟɪɯɧɿ ɡɚɪɿɡɧɢɯɬɟɦɩɟɪɚɬɭɪ, ɚɬɚɤɨɠɡɦɿɧɭɜɢɡɧɚɱɟɧɢɯɡɚɥɟɠɧɨɫɬɟɣɡɚɥɟɠɧɨɜɿɞɝɟɨɦɟɬɪɢɱɧɢɯɪɨɡɦɿɪɿɜ
ɜɢɫɨɬɢ ɲɚɪɭ ɝɪɚɧɭɥ ɪɨɛɨɱɢɯ ɨɪɝɚɧɿɜ ɟɤɫɬɪɭɞɟɪɚ ɡɧɚɱɟɧɧɹ ɨɬɪɢɦɚɧɿ ɩɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɩɪɨɫɤɨɩɚɪɚɥɟɥɶɧɨʀ ɦɨɞɟɥɿ
ɟɤɫɬɪɭɡɿʀ 
Ʉɥɸɱɨɜɿɫɥɨɜɚ: ɩɨɥɿɦɟɪɝɪɚɧɭɥɚ, ɟɤɫɬɪɭɞɟɪɦɟɬɚɥɟɜɚɩɨɜɟɪɯɧɹɬɟɪɬɹɧɚɜɚɧɬɚɠɟɧɧɹɬɟɦɩɟɪɚɬɭɪɚɡɚɥɟɠɧɿɫɬɶ 
 
INFLUENCE OF PRESSURE AND TEMPERATURE ON THE FRICTION 
GRANULAR POLYMERIC MATERIALS TO THE METAL SURFACES 
 
V. VYTVYTSKYI*, O. SOKOLSKYI, I. MIKULIONOK, 
 
Department of Chemical, polymer and silica engineering, 1DWLRQDO7HFKQLFDO8QLYHUVLW\RI8NUDLQH³.\LY3RO\WHFKQLF,QVWLWXWH´, 
Kyiv, UKRAINE 
 
ABSTRACT Field of production of plastic products is one of the most important fields of the world economy, problems of polymers 
have been investigating and disclosing in scientific and technical articles of various periodical publications around the world. The 
most efficient for processing of polymeric raw materials is extrusion equipment, including screw extruders. The successful 
establishment of the new equipment and managing the process of recycling depends on the accuracy of account of friction on the 
surfaces of working machines. The purpose of the research are analysis of movement of polymer granules in a feeding zone in screw 
extruder, experimental determination of friction coefficient of granulated polymeric material on a metal surface, determination of 
friction coefficient depends on the load and temperature, and changes defined dependencies on changes geometrical dimensions of 
the working bodies in the extruder. Research of the material movement in a feeding zone is important and actual task, because the 
performance of the aforementioned zone determines the productivity of the whole process. The research conducted for the two types 
of polymer granules ± copolymer of ethylene with vinyl acetate (sevilene) and polystyrene. Analysis of the results showed a general 
decrease of friction coefficient with increasing pressure, but upon reaching the maximum values at almost all curves is a transition 
through a minimum, after which values is begin to rise. For the sevilene the average friction coefficient is increases with increasing a 
depth of a channel and for polystyrene ± is almost independent of changes a depth of a channel. With increasing a temperature of a 
working surface value of friction coefficient for sevilene is increases but for polystyrene is decreases. The difference between the 
described dependencies for two researched types of polymer is explains the different form of granules and their mechanical 
properties, including the values of strength, friction coefficient, deformation at different temperatures. 
Keywords: polymer, granule, extruder, metal surface, friction, stress, temperature, relationship. 
 
ȼɫɬɭɩ 
 
Ƚɚɥɭɡɶ ɜɢɪɨɛɧɢɰɬɜɚ ɜɢɪɨɛɿɜ ɡ ɩɥɚɫɬɦɚɫ ɽ
ɨɞɧɿɽɸ ɿɡ ɧɚɣɜɚɠɥɢɜɿɲɢɯ ɝɚɥɭɡɟɣ ɫɜɿɬɨɜɨɝɨ
ɝɨɫɩɨɞɚɪɫɬɜɚɉɨɥɿɦɟɪɢɡɚɫɬɨɫɨɜɭɸɬɶɫɹɦɚɣɠɟ ɜɭɫɿɯ
ɧɚɩɪɹɦɤɚɯ ɦɚɬɟɪɿɚɥɶɧɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ ɣ
ɧɟɜɢɪɨɛɧɢɱɨʀ ɫɮɟɪɢ ɫɬɚɛɿɥɶɧɨ ɡɪɨɫɬɚɽ ɩɨɩɢɬ ɧɚ
ɝɨɬɨɜɿ ɜɢɪɨɛɢ ɡ ɩɨɥɿɦɟɪɧɢɯ ɦɚɬɟɪɿɚɥɿɜ ɡ ɛɨɤɭ
ɛɭɞɿɜɧɢɰɬɜɚ ɬɪɚɧɫɩɨɪɬɭ ɫɿɥɶɫɶɤɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ
ɦɟɞɢɰɢɧɢɬɚɿɧ 
ɋɭɬɬɽɜɟ ɡɛɿɥɶɲɟɧɧɹ ɜɢɪɨɛɧɢɰɬɜɚ ɩɨɥɿɦɟɪɧɢɯ
ɦɚɬɟɪɿɚɥɿɜ ɚɫɨɪɬɢɦɟɧɬ ɹɤɢɯ ɩɨɫɬɿɣɧɨ ɪɨɡɲɢɪɸɽɬɶɫɹ
ɩɨɬɪɟɛɭɽɫɬɜɨɪɟɧɧɹɜɢɫɨɤɨɩɪɨɞɭɤɬɢɜɧɨɝɨɬɚɪɟɫɭɪɫɨ- 
ɿɟɧɟɪɝɨɟɮɟɤɬɢɜɧɨɝɨɨɛɥɚɞɧɚɧɧɹɞɥɹʀɯɩɟɪɟɪɨɛɤɢɁɚ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɬɟɨɪɟɬɢɱɧɢɯ ɿ ɩɪɚɤɬɢɱɧɢɯ ɞɨɫɥɿɞɠɟɧɶ
ɩɪɨɰɟɫɿɜ ɳɨ ɩɪɨɯɨɞɹɬɶ ɩɿɞ ɱɚɫ ɜɢɝɨɬɨɜɥɟɧɧɹ ɬɚ
ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɨɥɿɦɟɪɧɢɯ ɦɚɬɟɪɿɚɥɿɜ ɩɭɛɥɿɤɭɸɬɶɫɹ
ɛɚɝɚɬɨ ɪɿɡɧɢɯ ɩɪɚɰɶ >1 - 6@ ɩɪɨɛɥɟɦɚɬɢɤɚ ɩɨɥɿɦɟɪɿɜ
ɞɨɫɥɿɞɠɭɽɬɶɫɹ ɬɚ ɪɨɡɤɪɢɜɚɽɬɶɫɹ ɭ ɧɚɭɤɨɜɨ-ɬɟɯɧɿɱɧɢɯ
ɫɬɚɬɬɹɯ ɪɿɡɧɢɯ ɩɟɪɿɨɞɢɱɧɢɯ ɜɢɞɚɧɶ ɩɨ ɜɫɶɨɦɭ 
ɫɜɿɬɭ>7 - 10].  
ɇɚɣɛɿɥɶɲ ɟɮɟɤɬɢɜɧɢɦ ɞɥɹ ɩɟɪɟɪɨɛɤɢ
ɩɨɥɿɦɟɪɧɨʀɫɢɪɨɜɢɧɢɽɟɤɫɬɪɭɡɿɣɧɟɨɛɥɚɞɧɚɧɧɹɫɟɪɟɞ
ɹɤɨɝɨ ɧɚɣɱɚɫɬɿɲɟ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɱɟɪɜ
ɹɱɧɿ
ɟɤɫɬɪɭɞɟɪɢ [1] ɍɫɩɿɲɧɟ ɫɬɜɨɪɟɧɧɹ ɧɨɜɨɝɨ
ɨɛɥɚɞɧɚɧɧɹɬɚɤɟɪɭɜɚɧɧɹɩɪɨɰɟɫɨɦ ɟɤɫɬɪɭɡɿʀ ɡɚɥɟɠɢɬɶ
ɜɿɞ ɬɨɱɧɨɫɬɿ ɜɪɚɯɭɜɚɧɧɹ ɮɪɢɤɰɿɣɧɨɝɨ ɪɟɠɢɦɭ ɧɚ
ɩɨɜɟɪɯɧɹɯɪɨɛɨɱɢɯɨɪɝɚɧɿɜɦɚɲɢɧ.  
Ⱦɨɫɥɿɞɠɟɧɧɹɪɭɯɭɩɨɥɿɦɟɪɧɢɯɦɚɬɟɪɿɚɥɿɜɭɡɨɧɿ
ɠɢɜɥɟɧɧɹ ɱɟɪɜ
ɹɱɧɢɯ ɟɤɫɬɪɭɞɟɪɿɜ ɽ ɜɚɠɥɢɜɢɦ ɿ
ɚɤɬɭɚɥɶɧɢɦ ɡɚɜɞɚɧɧɹɦɨɫɤɿɥɶɤɢɫɚɦɟɩɪɨɞɭɤɬɢɜɧɿɫɬɶ
ɡɚɡɧɚɱɟɧɨʀ ɡɨɧɢ ɜɢɡɧɚɱɚɽ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɩɪɨɰɟɫɭ ɜ
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ɰɿɥɨɦɭ ɍ ɡɨɧɭ ɠɢɜɥɟɧɧɹ ɩɨɥɿɦɟɪ ɧɚɣɱɚɫɬɿɲɟ
ɧɚɞɯɨɞɢɬɶ ɭ ɜɢɝɥɹɞɿ ɫɢɩɭɱɢɯ ɝɪɚɧɭɥɶɨɜɚɧɢɯ
ɦɚɬɟɪɿɚɥɿɜ ɩɨɬɪɚɩɥɹɸɱɢɤɪɿɡɶ ɡɚɜɚɧɬɚɠɭɜɚɥɶɧɭɥɿɣɤɭ 
 ɪɢɫ  ɭ ɤɚɧɚɥ ɟɤɫɬɪɭɞɟɪɚ ɞɟ ɜɿɧ ɩɟɪɟɛɭɜɚɽ ɭ
ɬɜɟɪɞɨɦɭ ɫɬɚɧɿ ɿ ɬɪɚɧɫɩɨɪɬɭɽɬɶɫɹ ɝɜɢɧɬɨɜɨɸ
ɩɨɜɟɪɯɧɟɸɱɟɪɜ
ɹɤɚɜɡɞɨɜɠɰɢɥɿɧɞɪɚɡɚɪɚɯɭɧɨɤɫɢɥ
ɬɟɪɬɹ 
 
 
 
Ɋɢɫ 1  ± Ɋɭɯɦɚɬɟɪɿɚɥɭɜɤɚɧɚɥɿɱɟɪɜ
ɹɤɚ 
1  ± ɡɚɜɚɧɬɚɠɭɜɚɥɶɧɚɥɿɣɤɚ, 2  ± ɝɜɢɧɬɨɜɚɩɨɜɟɪɯɧɹ
ɧɚɪɿɡɤɢɱɟɪɜ
ɹɤɚ 
 
Ɍɟɪɬɹ ɦɿɠ ɩɟɪɟɪɨɛɥɸɜɚɧɢɦ ɦɚɬɟɪɿɚɥɨɦ
ɰɢɥɿɧɞɪɨɦ ɿ ɱɟɪɜ
ɹɤɨɦ ɜɿɞɿɝɪɚɽ ɩɪɢɧɰɢɩɨɜɭ ɪɨɥɶ ɹɤ
ɡɚɫɿɛ ɳɨ ɫɬɜɨɪɸɽ ɭɦɨɜɢ ɞɥɹ ɩɟɪɟɦɿɳɟɧɧɹ ɬɚ
ɧɚɝɪɿɜɚɧɧɹ ɦɚɬɟɪɿɚɥɭ > @ Ⱦɨ ɧɚɣɜɚɠɥɢɜɿɲɢɯ
ɩɚɪɚɦɟɬɪɿɜ ɟɤɫɩɥɭɚɬɚɰɿɣɧɢɯ ɪɟɠɢɦɿɜ ɬɟɪɬɹ
ɜɿɞɧɨɫɢɬɶɫɹɜɩɥɢɜɧɚɜɚɧɬɚɠɟɧɧɹɣ ɬɟɦɩɟɪɚɬɭɪɢ 
Ɂɚɡɜɢɱɚɣ ɤɨɟɮɿɰɿɽɧɬɢ ɬɟɪɬɹ ɩɨɥɿɦɟɪɧɢɯ
ɦɚɬɟɪɿɚɥɿɜ ɜɢɦɿɪɸɸɬɶ ɩɨ ɫɭɰɿɥɶɧɨɦɭ ɡɪɚɡɤɭ
ɧɟɯɬɭɸɱɢɜɡɚɽɦɨɞɿɽɸɦɿɠɨɤɪɟɦɢɦɢɱɚɫɬɢɧɤɚɦɢ>11]. 
ɍ ɬɨɣ ɠɟ ɱɚɫ ɭ ɡɨɧɿ ɡɚɜɚɧɬɚɠɟɧɧɹ ɱɟɪɜ¶ɹɱɧɢɯ 
ɟɤɫɬɪɭɞɟɪɿɜɩɨɥɿɦɟɪɩɟɪɟɛɭɜɚɽɫɚɦɟɭɜɢɝɥɹɞɿɬɜɟɪɞɢɯ
ɝɪɚɧɭɥ ɹɤɿ ɦɨɠɭɬɶ ɩɪɨɤɨɜɡɭɜɚɬɢ ɩɟɪɟɤɨɱɭɜɚɬɢɫɶ
ɨɞɧɚ ɩɨ ɨɞɧɿɣ ɞɟɮɨɪɦɭɜɚɬɢɫɹ ɿ ɬ ɞ ɳɨ ɜɩɥɢɜɚɽ ɧɚ
ɪɭɯɦɚɬɟɪɿɚɥɭɜɿɞɧɨɫɧɨɪɨɛɨɱɢɯɨɪɝɚɧɿɜɟɤɫɬɪɭɞɟɪɚ 
 
Ɇɟɬɚɪɨɛɨɬɢ 
 
Ɇɟɬɨɸ ɩɪɨɜɟɞɟɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɽ ɚɧɚɥɿɡ 
ɩɪɨɰɟɫɭ ɪɭɯɭ ɩɨɥɿɦɟɪɧɢɯ ɝɪɚɧɭɥ ɭ ɡɨɧɿ ɠɢɜɥɟɧɧɹ
ɱɟɪɜ
ɹɱɧɨɝɨ ɟɤɫɬɪɭɞɟɪɚ, ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɟ
ɜɢɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿɽɧɬɚ ɬɟɪɬɹ ɝɪɚɧɭɥɶɨɜɚɧɨɝɨ 
ɩɨɥɿɦɟɪɧɨɝɨ ɦɚɬɟɪɿɚɥɭ ɩɨ ɦɟɬɚɥɟɜɿɣ ɩɨɜɟɪɯɧɿ
ɜɢɡɧɚɱɟɧɧɹ ɡɚɥɟɠɧɨɫɬɿ ɤɨɟɮɿɰɿɽɧɬɚ ɬɟɪɬɹ ɜɿɞ
ɧɚɜɚɧɬɚɠɟɧɧɹ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ ɚ ɬɚɤɨɠ ɡɦɿɧɢ
ɜɢɡɧɚɱɟɧɢɯ ɡɚɥɟɠɧɨɫɬɟɣ ɜɿɞ ɝɟɨɦɟɬɪɢɱɧɢɯ ɪɨɡɦɿɪɿɜ
ɜɢɫɨɬɢɲɚɪɭɝɪɚɧɭɥɪɨɛɨɱɢɯɨɪɝɚɧɿɜɟɤɫɬɪɭɞɟɪɚ 
 
ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿɞɨɫɥɿɞɠɟɧɧɹɤɨɟɮɿɰɿɽɧɬɿɜɬɟɪɬɹ
ɝɪɚɧɭɥɶɨɜɚɧɢɯɩɨɥɿɦɟɪɧɢɯ ɦɚɬɟɪɿɚɥɿɜ 
 
ɍɫɬɚɬɬɿɧɚɜɟɞɟɧɿɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿɡɚɥɟɠɧɨɫɬɿ
ɳɨ ɛɭɥɢ ɨɬɪɢɦɚɧɿ ɜ ɪɟɡɭɥɶɬɚɬɿ ɞɨɫɥɿɞɠɟɧɧɹ ɪɭɯɭ
ɩɨɥɿɦɟɪɧɢɯ ɝɪɚɧɭɥ ɭ ɤɚɧɚɥɿ ɟɤɫɬɪɭɞɟɪɚ ɡ
ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɥɨɫɤɨɩɚɪɚɥɟɥɶɧɨʀ ɦɨɞɟɥɿ
ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɰɟɫɭ ɟɤɫɬɪɭɡɿʀ >12]. ɉɪɢ ɰɶɨɦɭ
ɝɜɢɧɬɨɜɢɣ ɤɚɧɚɥ ɟɤɫɬɪɭɞɟɪɚ ɭɬɜɨɪɟɧɢɣ ɧɚɪɿɡɤɨɸ
ɱɟɪɜ¶ɹɤɚ ɣ ɰɢɥɿɧɞɪɨɦ ɭɦɨɜɧɨ ɪɨɡɝɨɪɬɚɽɬɶɫɹ ɜ 
ɩɥɨɳɢɧɭ ɪɢɫ 2) ɿ ɪɨɛɥɹɬɶ ɬɚɤɿ ɩɪɢɩɭɳɟɧɧɹ ɧɟ
ɜɪɚɯɨɜɭɽɬɶɫɹ ɤɪɢɜɢɡɧɚ ɤɚɧɚɥɭ ɩɨɜɟɪɯɧɹ ɱɟɪɜ¶ɹɤɚ
ɜɜɚɠɚɽɬɶɫɹ ɧɟɪɭɯɨɦɨɸ ɚ ɪɨɡɝɨɪɧɭɬɚ ɩɨɜɟɪɯɧɹ
ɰɢɥɿɧɞɪɚ ɬɚɤɨɸ ɳɨ ɪɭɯɚɽɬɶɫɹ ɡɿ ɲɜɢɞɤɿɫɬɸ ɹɤɚ
ɞɨɪɿɜɧɸɽɤɨɥɨɜɿɣɲɜɢɞɤɨɫɬɿɱɟɪɜ¶ɹɤɚ 
 
 
 
Ɋɢɫ± ɋɯɟɦɚɩɥɨɫɤɨɩɚɪɚɥɟɥɶɧɨʀɪɨɡɝɨɪɬɤɢɤɚɧɚɥɭ
ɟɤɫɬɪɭɞɟɪɚ 
 
ɉɪɨɰɟɫ ɪɨɡɝɥɹɞɚɽɬɶɫɹ ɜ ɞɟɤɚɪɬɨɜɿɣ ɫɢɫɬɟɦɿ
ɤɨɨɪɞɢɧɚɬ ɜɿɫɶ ɯ ɹɤɨʀ ɫɩɪɹɦɨɜɚɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ
ɝɪɟɛɟɧɸ ɜɢɬɤɚ ɜɿɫɶ ɭ ± ɩɨ ɜɢɫɨɬɿ ɤɚɧɚɥɭ ɚ ɜɿɫɶ z ± 
ɜɡɞɨɜɠ ɪɨɡɝɨɪɧɭɬɨɝɨ ɤɚɧɚɥɭ ɪɢɫ 2). ɋɯɟɦɭ
ɩɪɨɜɟɞɟɧɧɹɟɤɫɩɟɪɢɦɟɧɬɭɧɚɜɟɞɟɧɨɧɚɪɢɫ3.  
 
 
 
Ɋɢɫ± ɋɯɟɦɚɩɪɨɜɟɞɟɧɧɹɟɤɫɩɟɪɢɦɟɧɬɭ 
1 ± ɤɨɪɨɛɤɚ± ɧɟɪɭɯɨɦɚɦɟɬɚɥɟɜɚɩɨɜɟɪɯɧɹ 
3 ± ɞɢɧɚɦɨɦɟɬɪ 
 
ɍ ɫɬɚɥɟɜɭ ɤɨɪɨɛɤɭ  ɳɨ ɿɦɿɬɭɽ ɫɨɛɨɸ
ɪɨɡɝɨɪɬɤɭ ɩɨɜɟɪɯɧɿ ɱɟɪɜ¶ɹɤɚ ɡɚɫɢɩɚɥɢ ɩɨɥɿɦɟɪɧɿ
ɝɪɚɧɭɥɢɞɨɩɨɜɧɨɝɨɡɚɩɨɜɧɟɧɧɹɧɢɦɢɨɛ¶ɽɦɭɤɨɪɨɛɤɢ
Ⱦɚɥɿɧɚɩɨɜɧɟɧɚɤɨɪɨɛɤɚɩɟɪɟɜɟɪɬɚɥɚɫɶɬɚɤɢɦɱɢɧɨɦ
ɳɨɛ ɝɪɚɧɭɥɢ ɨɩɢɧɢɥɢɫɶ ɧɚ ɩɥɨɫɤɿɣ ɦɟɬɚɥɟɜɿɣ
ɩɨɜɟɪɯɧɿ  ɹɤɚ ɿɦɿɬɭɽ ɜɧɭɬɪɿɲɧɸ ɩɨɜɟɪɯɧɸ ɤɨɪɩɭɫɚ
ɰɢɥɿɧɞɪɚɄɿɥɶɤɿɫɬɶɝɪɚɧɭɥɭɤɨɪɨɛɰɿɛɭɥɚ ɞɨɫɬɚɬɧɶɨɸ
ɞɥɹ ɬɨɝɨ ɳɨɛ ɦɿɠ ɧɟɸ ɣ ɧɟɪɭɯɨɦɨɸ ɩɨɜɟɪɯɧɟɸ
ɡɚɥɢɲɚɜɫɹɩɟɜɧɢɣɡɚɡɨɪɭɜɢɝɥɹɞɿɲɚɪɭɝɪɚɧɭɥ 
ɉɿɫɥɹɰɶɨɝɨɤɨɪɨɛɤɚɧɚɜɚɧɬɚɠɭɜɚɥɚɫɶ ɫɢɥɨɸ
F ɉɪɢ ɩɪɢɤɥɚɞɟɧɧɿ ɡɭɫɢɥɥɹ ɭ ɧɚɩɪɹɦɤɭ ɨɫɿ z 
ɧɚɞɚɜɚɜɫɹ ɪɭɯ ɤɨɪɨɛɤɢ  ɩɨ ɩɨɜɟɪɯɧɿ  ɩɪɢ ɰɶɨɦɭ
ɞɢɧɚɦɨɦɟɬɪ  ɮɿɤɫɭɜɚɜ ɡɧɚɱɟɧɧɹ ɩɪɢɤɥɚɞɟɧɨɝɨ
ɡɭɫɢɥɥɹ N Ⱦɢɧɚɦɨɦɟɬɪ ɡ¶ɽɞɧɭɜɚɜɫɹ ɡ ɤɨɪɨɛɤɨɸ
ɝɧɭɱɤɢɦ ɬɪɨɫɨɦ Ⱦɨɫɥɿɞɠɟɧɧɹ ɩɪɨɜɨɞɢɥɢ ɿɡ
ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɬɪɶɨɯ ɤɨɪɨɛɨɤ ɡɚɜɜɢɲɤɢ
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H = 7, 15 ɿ 23 ɦɦ ɳɨ ɜɿɞɩɨɜɿɞɚɽ ɝɥɢɛɢɧɿ ɝɜɢɧɬɨɜɨɝɨ
ɤɚɧɚɥɭɟɤɫɬɪɭɞɟɪɚɋɩɿɜɜɿɞɧɨɲɟɧɧɹɞɨɜɠɢɧɢɤɨɪɨɛɤɢ
ɞɨʀʀɲɢɪɢɧɢɫɬɚɧɨɜɢɥɨɧɟɦɟɧɲɟɩ¶ɹɬɢɞɥɹɡɧɢɠɟɧɧɹ
ɜɩɥɢɜɭɬɨɪɰɟɜɢɯɩɨɜɟɪɯɨɧɶɧɚɬɟɪɬɹ 
Ʉɨɟɮɿɰɿɽɧɬ ɬɟɪɬɹ ɩɨɥɿɦɟɪɧɢɯ ɝɪɚɧɭɥ ɩɨ
ɦɟɬɚɥɟɜɿɣ ɩɨɜɟɪɯɧɿ Ʉɬɪ ɪɨɡɪɚɯɨɜɭɜɚɥɢ ɞɥɹ ɪɿɡɧɢɯ
ɜɟɥɢɱɢɧ ɧɚɜɚɧɬɚɠɟɧɧɹ F ɡɚ ɮɨɪɦɭɥɨɸ  Ⱦɥɹ
ɜɿɞɨɛɪɚɠɟɧɧɹ ɡɚɥɟɠɧɨɫɬɿ ɦɿɠ ɧɚɜɚɧɬɚɠɟɧɧɹɦ ɿ
ɤɨɟɮɿɰɿɽɧɬɨɦ ɬɟɪɬɹ ɬɚɤɨɠ ɞɨɞɚɬɤɨɜɨ ɪɨɡɪɚɯɨɜɭɜɚɜɫɹ
ɬɢɫɤP ɉɚɡɚɮɨɪɦɭɥɨɸ 
 
ɬɪ
NK
F
 ; (1) 
FP
S
 , (2) 
 
ɞɟS ± ɩɥɨɳɚɧɚ ɹɤɭ ɞɿɽ ɫɢɥɚF ɬɨɛɬɨɩɥɨɳɚɞɧɢɳɚ
ɤɨɪɨɛɤɢɦ2. 
Ⱦɨɫɥɿɞɠɟɧɧɹ ɩɪɨɜɨɞɢɥɢɫɶ ɞɥɹ ɞɜɨɯ ɬɢɩɿɜ
ɩɨɥɿɦɟɪɧɢɯ ɝɪɚɧɭɥ ± ɫɨɩɨɥɿɦɟɪɭ ɟɬɢɥɟɧɭ ɡ
ɜɿɧɿɥɚɰɟɬɚɬɨɦ ɫɟɜɿɥɟɧɭ ɦɚɪɤɢ - Ɍɍ 6-05-
1636- ɬɚ ɩɨɥɿɫɬɢɪɨɥɭ ɦɚɪɤɢ ɉɋ-ɋ-1-3 
ȽɈɋɌ 20282- ɧɚ ɪɢɫ 4-5 ɜɿɞɩɨɜɿɞɧɨ ɧɚɜɟɞɟɧɨ ʀɯ
ɮɨɬɨɡɧɿɦɤɢ 
 
 
 
Ɋɢɫ4 ± Ɏɨɬɨɡɧɿɦɨɤɝɪɚɧɭɥɫɟɜɿɥɟɧɭ 
 
Ɋɟɡɭɥɶɬɚɬɢɿɜɢɫɧɨɜɤɢ 
 
ɇɚɪɢɫ±ɡɨɛɪɚɠɟɧɨɚɩɪɨɤɫɢɦɭɸɱɿɤɪɢɜɿɳɨ
ɩɨɤɚɡɭɸɬɶ ɡɚɥɟɠɧɿɫɬɶ ɦɿɠ ɤɨɟɮɿɰɿɽɧɬɨɦ ɬɟɪɬɹ
ɩɨɥɿɦɟɪɧɨɝɨ ɦɚɬɟɪɿɚɥɭ ɩɨ ɦɟɬɚɥɟɜɿɣ ɩɨɜɟɪɯɧɿ Ʉɬɪ ɿ
ɬɢɫɤɨɦ P ɡɚ ɪɿɡɧɢɯ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɬɟɦɩɟɪɚɬɭɪ t ɹɤɿ
ɩɨɛɭɞɨɜɚɧɨ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɨɥɿɧɨɦɿɚɥɶɧɨʀ ɚɛɨ
ɥɿɧɿɣɧɨʀ ɚɩɪɨɤɫɢɦɚɰɿʀ ɋɟɪɟɞɧɽ ɡɧɚɱɟɧɧɹ
ɞɨɫɬɨɜɿɪɧɨɫɬɿ ɚɩɪɨɤɫɢɦɚɰɿʀ ɩɨ ɜɫɿɯ ɤɪɢɜɢɯ ɧɟ
ɧɢɠɱɟ 0,9. 
 
 
Ɋɢɫ5 ± Ɏɨɬɨɡɧɿɦɨɤɝɪɚɧɭɥɩɨɥɿɫɬɢɪɨɥɭ 
 
 
 
Ɋɢɫ6 ± Ɂɚɥɟɠɧɿɫɬɶɤɨɟɮɿɰɿɽɧɬɚɬɟɪɬɹɫɟɜɿɥɟɧɭɩɨ
ɦɟɬɚɥɟɜɿɣɩɨɜɟɪɯɧɿɜɿɞɬɢɫɤɭɡɚɪɿɡɧɢɯɡɧɚɱɟɧɶ
ɝɥɢɛɢɧɢɤɚɧɚɥɭ ɩɪɢɬɟɦɩɟɪɚɬɭɪɿW & 
 
ɇɚ ɡɚɡɧɚɱɟɧɢɯ ɝɪɚɮɿɤɚɯ ɜɢɞɧɨ ɡɚɝɚɥɶɧɟ
ɡɦɟɧɲɟɧɧɹɡɧɚɱɟɧɶ ɤɨɟɮɿɰɿɽɧɬɚɬɟɪɬɹɩɪɢ ɡɛɿɥɶɲɟɧɧɿ
ɬɢɫɤɭ Ⱦɥɹ ɫɟɜɿɥɟɧɭ ɪɢɫ  ɫɟɪɟɞɧɽ ɡɧɚɱɟɧɧɹ
ɤɨɟɮɿɰɿɽɧɬɚ ɬɟɪɬɹ ɡɛɿɥɶɲɭɽɬɶɫɹ ɡɿ ɡɛɿɥɶɲɟɧɧɹɦ
ɝɥɢɛɢɧɢ ɤɚɧɚɥɭ ɿ ɨɞɧɨɱɚɫɧɨ ɡɚɥɟɠɧɿɫɬɶ ɧɚɛɭɜɚɽ ɜɫɟ
ɛɿɥɶɲ ɧɟɥɿɧɿɣɧɨɝɨ ɯɚɪɚɤɬɟɪɭ ɬɨɛɬɨ ɡɪɨɫɬɚɽ ɜɩɥɢɜ
ɧɟɫɭɰɿɥɶɧɨɫɬɿɩɨɥɿɦɟɪɭ. 
ɉɪɢ ɡɛɿɥɶɲɟɧɧɿ ɬɢɫɤɭ ɞɨ ɦɚɤɫɢɦɚɥɶɧɢɯ
ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɡɧɚɱɟɧɶ ɦɚɣɠɟ ɧɚ ɜɫɿɯ ɤɪɢɜɢɯ
ɜɿɞɛɭɜɚɽɬɶɫɹ ɩɟɪɟɯɿɞ ɱɟɪɟɡ ɦɿɧɿɦɭɦ ɬɨɛɬɨ ɩɿɫɥɹ
ɞɨɫɹɝɧɟɧɧɹ ɩɟɜɧɢɯ ɡɧɚɱɟɧɶ ɬɢɫɤɭ ɤɨɟɮɿɰɿɽɧɬ ɬɟɪɬɹ
ɩɨɱɢɧɚɽ ɡɪɨɫɬɚɬɢ ɡɿ ɡɛɿɥɶɲɟɧɧɹɦ ɧɚɜɚɧɬɚɠɟɧɧɹ ɐɟ
ɦɨɠɧɚɩɨɹɫɧɢɬɢɬɢɦɳɨɩɿɫɥɹɩɟɜɧɢɯɡɧɚɱɟɧɶɬɢɫɤɭ
ɲɚɪ ɝɪɚɧɭɥ ɩɨɱɢɧɚɽ ɩɨɜɨɞɢɬɢ ɫɟɛɟ ɩɨɞɿɛɧɨ ɞɨ
ɫɭɰɿɥɶɧɨɝɨ ɬɜɟɪɞɨɝɨ ɬɿɥɚ ɡɚɥɟɠɧɿɫɬɶ ɤɨɟɮɿɰɿɽɧɬɚ
ɬɟɪɬɹ ɜɿɞ ɧɚɜɚɧɬɚɠɟɧɧɹ ɹɤɨɝɨ ɦɚɽ ɜ ɡɚɝɚɥɶɧɨɦɭ
ɜɢɩɚɞɤɭɜɢɝɥɹɞɤɪɢɜɨʀɡɦɿɧɿɦɭɦɨɦ>@ 
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Ɋɢɫ 7 ± Ɂɚɥɟɠɧɿɫɬɶɤɨɟɮɿɰɿɽɧɬɚɬɟɪɬɹɫɟɜɿɥɟɧɭɩɨ
ɦɟɬɚɥɟɜɿɣɩɨɜɟɪɯɧɿɜɿɞɬɢɫɤɭɡɚɪɿɡɧɢɯɡɧɚɱɟɧɶ
ɝɥɢɛɢɧɢɤɚɧɚɥɭ ɩɪɢɬɟɦɩɟɪɚɬɭɪɿW & 
 
 
 
Ɋɢɫ8 ± Ɂɚɥɟɠɧɿɫɬɶɤɨɟɮɿɰɿɽɧɬɚɬɟɪɬɹɩɨɥɿɫɬɢɪɨɥɭ
ɩɨɦɟɬɚɥɟɜɿɣɩɨɜɟɪɯɧɿɜɿɞɬɢɫɤɭɡɚɪɿɡɧɢɯɡɧɚɱɟɧɶ
ɝɥɢɛɢɧɢɤɚɧɚɥɭ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯW &ɿ
t = 100 & 
 
Ɂɛɿɥɶɲɟɧɧɹ ɤɨɟɮɿɰɿɽɧɬɚ ɬɟɪɬɹ ɜɧɚɫɥɿɞɨɤ
ɡɛɿɥɶɲɟɧɧɹɝɥɢɛɢɧɢɤɚɧɚɥɭɦɨɠɧɚɩɨɹɫɧɢɬɢɬɢɦɳɨ
ɝɪɚɧɭɥɢ ɫɟɜɿɥɟɧɭ ɪɢɫ ɦɚɸɬɶ ɨɤɪɭɝɥɭ ɮɨɪɦɭ ɣ 
ɦɨɠɭɬɶ ɩɪɨɤɨɜɡɭɜɚɬɢ ɿɡ ɨɛɟɪɬɚɧɧɹɦ ɨɞɧɚ ɜɿɞɧɨɫɧɨ
ɨɞɧɨʀɩɪɨɬɟɨɞɧɨɱɚɫɧɨ ɽɞɟɮɨɪɦɨɜɚɧɢɦɢ ɿɜɧɚɫɥɿɞɨɤ
ɰɶɨɝɨ ɜɡɚɽɦɨɞɿɸɬɶ ɨɞɧɚ ɡ ɨɞɧɨɸ ɬɨɦɭ ɩɪɢ ɦɚɥɿɣ
ɬɨɜɳɢɧɿɲɚɪɭɝɪɚɧɭɥH ɜɨɧɢɱɚɫɬɤɨɜɨɩɪɨɜɟɪɬɚɸɬɶɫɹ
ɚɩɪɢɡɛɿɥɶɲɟɧɧɿɬɨɜɳɢɧɢɲɚɪɭɝɪɚɧɭɥ± ɫɬɢɫɤɚɸɬɶɫɹ
ɿɪɭɯɚɸɬɶɫɹɹɤɨɞɧɟɰɿɥɟ 
ɋɟɪɟɞɧɽ ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿɽɧɬɚ ɬɟɪɬɹ
ɩɨɥɿɫɬɢɪɨɥɭ ɪɢɫ 8 ɦɚɣɠɟ ɧɟ ɡɚɥɟɠɢɬɶ ɜɿɞ
ɡɛɿɥɶɲɟɧɧɹ ɝɥɢɛɢɧɢ ɤɚɧɚɥɭ ɧɚ ɝɪɚɮɿɤɭ ɡɨɛɪɚɠɟɧɚ
ɨɞɧɚ ɚɩɪɨɤɫɢɦɭɸɱɚ ɤɪɢɜɚ ɡɚ ɪɟɡɭɥɶɬɚɬɚɦɢ 
ɜɢɦɿɪɸɜɚɧɶ ɞɥɹ ɬɪɶɨɯ ɡɧɚɱɟɧɶ ɝɥɢɛɢɧɢH. ɐɟɦɨɠɧɚ
ɩɨɹɫɧɢɬɢ ɬɢɦ ɳɨ ɣɨɝɨ ɝɪɚɧɭɥɢ ɦɚɸɬɶ ɧɟ ɫɮɟɪɢɱɧɭ
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ɝɪɚɧɹɦɢ 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ɝɪɚɧɭɥ ɩɿɞ ɱɚɫ ɪɭɯɭ ɩɨɜɨɞɢɬɶ ɫɟɛɟ ɹɤ ɬɜɟɪɞɟ ɬɿɥɨ
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ɧɚɜɚɧɬɚɠɟɧɧɹ  
Ɂɚ ɩɟɜɧɢɯɡɧɚɱɟɧɶ ɩɪɢɤɥɚɞɟɧɨɝɨɧɚɜɚɧɬɚɠɟɧɧɹ
ɝɪɚɮɿɤ ɡɚɥɟɠɧɨɫɬɿ ɤɨɟɮɿɰɿɽɧɬɚ ɬɟɪɬɹ ɩɨɥɿɫɬɢɪɨɥɭ ɩɨ
ɦɟɬɚɥɟɜɿɣ ɩɨɜɟɪɯɧɿ ɜɿɞ ɬɢɫɤɭ ɪɢɫ 8) ɦɚɽ ɩɟɪɟɯɿɞ
ɱɟɪɟɡɦɿɧɿɦɭɦɚɧɚɥɨɝɿɱɧɨɫɟɜɿɥɟɧɭ 
ɉɪɢɡɛɿɥɶɲɟɧɧɹɬɟɦɩɟɪɚɬɭɪɢɩɨɜɟɪɯɧɿɩɨɹɤɿɣ
ɜɿɞɛɭɜɚɽɬɶɫɹ ɪɭɯ ɝɪɚɧɭɥ, ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿɽɧɬɚ ɬɟɪɬɹ
ɞɥɹ ɫɟɜɿɥɟɧɭ ɪɢɫ  ɡɪɨɫɬɚɽ ɚ ɞɥɹ ɩɨɥɿɫɬɢɪɨɥɭ 
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ɬɟɪɬɹ ɞɟɮɨɪɦɨɜɚɧɿɫɬɸ ɡɚ ɪɿɡɧɢɯ ɬɟɦɩɟɪɚɬɭɪ ɳɨ
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ȺɇɇɈɌȺɐɂə ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɜɢɠɟɧɢɹ ɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɡɨɧɟ ɩɢɬɚɧɢɹ
ɱɟɪɜɹɱɧɨɝɨɷɤɫɬɪɭɞɟɪɚɚɢɦɟɧɧɨɢɫɫɥɟɞɨɜɚɧɢɹɮɪɢɤɰɢɨɧɧɨɝɨɪɟɠɢɦɚɞɜɢɠɟɧɢɹɧɟɤɨɬɨɪɵɯɬɢɩɨɜɩɨɥɢɦɟɪɧɵɯɝɪɚɧɭɥɩɨ
ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ ɦɚɲɢɧɵ ɉɨɥɭɱɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ ɜɥɢɹɧɢɟ ɞɚɜɥɟɧɢɹ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ
ɬɪɟɧɢɹ ɝɪɚɧɭɥɢɪɨɜɚɧɧɨɝɨ ɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɪɚɡɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɚ ɬɚɤɠɟ
ɢɡɦɟɧɟɧɢɟɨɩɪɟɞɟɥɟɧɧɵɯɡɚɜɢɫɢɦɨɫɬɟɣɜɡɚɜɢɫɢɦɨɫɬɢɨɬɝɟɨɦɟɬɪɢɱɟɫɤɢɯɪɚɡɦɟɪɨɜɜɵɫɨɬɵɫɥɨɹɝɪɚɧɭɥɪɚɛɨɱɢɯɨɪɝɚɧɨɜ
ɷɤɫɬɪɭɞɟɪɚɡɧɚɱɟɧɢɹɩɨɥɭɱɟɧɵɩɪɢɢɫɩɨɥɶɡɨɜɚɧɢɢɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɨɣɦɨɞɟɥɢɷɤɫɬɪɭɡɢɢ 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ ɩɨɥɢɦɟɪɝɪɚɧɭɥɵɷɤɫɬɪɭɞɟɪɦɟɬɚɥɥɢɱɟɫɤɚɹɩɨɜɟɪɯɧɨɫɬɶɬɪɟɧɢɟɧɚɝɪɭɡɤɚ, ɬɟɦɩɟɪɚɬɭɪɚɡɚɜɢɫɢɦɨɫɬɶ 
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